Background: Ultrasound can be used to facilitate lumbar puncture, especially in obese patients. Methods: In this study, midline and paramedian approaches with curved and linear transducers were compared in patients with Body Mass Index (BMI) above 25 kg/m 2 for the identification of spinal landmarks. In each view, six major landmarks, including spinous process, ligamentum flavum, laminae, epidural space, subarachnoid space and posterior longitudinal ligament, were detected by emergency medicine residents and were then reviewed by radiologists. Results: Sixty patients with a mean BMI of 29.18 enrolled in the study. This study showed that a curved transducer detected major landmarks more accurately compared to a linear transducer. There was also a poor kappa correlation between these transducers in the midline and paramedian approaches. Conclusion: This study showed that ultrasound can detect lumbar landmarks in overweight and obese patients, with the paramedian approach and a curved transducer being superior to the midline approach and a linear transducer in detecting these landmarks.
Introduction
Lumbar puncture (LP) is widely used to obtain diagnostic samples of cerebrospinal fluid in the emergency department. This method is used to evaluate infections, neoplasms, inflammatory disorders and hemorrhage; 1 moreover, LP can be used for therapeutic purposes, such as in benign intracranial hypertension and delivering therapeutic agents to the intrathecal space. 2, 3 In order to perform this procedure, the patient is placed in a lateral decubitus position. Tuffier's line, which connects right and left iliac crests, is used to detect the L4-L5 interspinous space. This space or one space above is usually used for LP. This method is dependent on personal expertise and finding the required landmarks might be challenging in patients with obesity or anatomical variations. 3 This might be time consuming. Repeated attempts in inserting the needle can also be painful for the patient, resulting in decreased satisfaction and an increase in traumatic LP. 4 Traumatic LP also affects the results of the test, obscuring the detection of leukocytosis. 5 1 Since ultrasound is a safe, cheap and widely available imaging method, ultrasound scanning has been used to facilitate this procedure. It can help the physician in finding the optimal puncture point and the depth and angle of needle insertion. Studies have been done to evaluate this method, especially in adult obese patients. 3, 6 There are few studies that have used the paramedian approach and a curved transducer for detecting spinal landmarks. In this study, patients with a BMI above 25 kg/m 2 were evaluated by ultrasound using two different transducers and three different approaches in order to find an optimal method for detecting lumbar puncture landmarks.
Methods
This was a prospective, diagnostic test evaluation study. The study protocol was approved by the Clinical Ethics Board of Imam Khomeini Hospital and the affiliated medical school. The study was done in the emergency department of a referral hospital and trauma center during January-June 2015. Written informed consent was obtained from all patients after thorough explanation of the study. The inclusion criteria were: BMI above 25 kg/m 2 and age above 18 years. During the study period, all patients with BMI above 25 kg/m 2 , who came to the emergency department for any reason, were included in the study. The exclusion criteria were pregnancy and previous lumbar surgery.
Three PGY3 emergency medicine residents were first trained in a 3-h workshop. The scientific content of the workshop was validated by a panel of radiologists and emergency medicine physicians. The workshop was divided into an hour of lectures followed by a 2-hour hands-on training session, in which residents practiced the skills needed for identifying LP anatomic landmarks, including spinous process, ligamentum flavum, laminae, epidural space, subarachnoid space and posterior longitudinal ligament on standardized patients. The ultrasound device utilized was a Sonosite Edge 2 (FUJIFILM SonoSite Inc., Bothwell, WA, USA), equipped with a linear transducer (7.5-10 MHz, Model: HFL38xi) and a curved one (2-5 MHz, Model: rC60xi). 7 During the clinical shifts of the residents, lumbosacral ultrasound was done using both the linear and curved transducers with midline and left and right paramedian approaches on patients in the lateral decubitus position. The above-mentioned landmarks were named, scanned, recorded and printed by the emergency residents after each scan. Thus a total of six scans (midline, right and left paramedian with both linear and curved transducers) were recorded for each participant and submitted to the corresponding supervisor to assess the accuracy of identifying landmarks and the results were also recorded. Three radiologists were in the panel of supervisors. All radiologists were board certified with over 10 years experience and were part of the faculty of the affiliated medical school. The panel of radiologists did not perform any ultrasound scans and were only responsible for reviewing the scans from 20 patients each. The radiologists scored the images taken by the residents. If the residents had detected each landmark correctly, it was marked as correct by the supervisor. If they made a mistake in identifying a landmark or were not able to detect it, it was marked as incorrect or undetected, respectively. The numbers of correct, incorrect and undetected landmarks were recorded. To calculate inter-rater reliability, the first 20 scans were reviewed by all radiologists and the results were used to determine kappa correlation.
The sample size n required for the study was calculated using the following formula
is the standard score of 1.96 for an a value of 0.05. p is the expected proportion of detected landmarks (q ¼ 1-p) and was assigned a value of 0.97 following a study done by Ferre and Sweeney, 6 and the margin of error d was estimated at 4.5%. The required sample size was calculated as 56.
All data were gathered on individual data sheets for each patient and were analyzed using SPSS version 16, (Chicago, SPSS Inc) using Chi square and kappa correlation.
Results
Sixty subjects were enrolled in this study. All participants were white Caucasians. There were 32 (53.3%) male and 28 (46.7%) female participants. The mean age AE SD was 40.13 AE 13.65 years. The mean BMI AE SD was 29.18 AE 2.64 Kg/m 2 . The minimum and maximum BMI were 25.1 and 36.8 kg/m 2 , respectively (Table 1) . Twenty-four participants had a BMI above 30 and the rest had BMI values between 25 and 30.
The inter-rater reliability between the three radiologists was substantial, kappa ¼ 0.68, p < 0.0001. Figures 1 to 4 show the ultrasound scans performed on one of the patients using both transducers in the midline and paramedian approaches.
The results of the midline approach using linear and curved transducers are summarized in Table 2 . The right and left paramedian results using linear and curved transducers are also summarized in Table 3 . Table 4 provides the kappa correlation and p-values in each approach using both linear and curved transducers.
The spinous process in the midline approach was the most detected landmark with linear and curved transducers, 96.7% and 100%, respectively. When considering the midline approach, there was poor kappa correlation between linear and curved transducers in all landmarks and a statistically significant difference for ligamentum flavum and posterior longitudinal ligament (p ¼ 0.006, 0.047). Using the curved transducer improved landmark detection compared to the linear transducer. In the left and right paramedian approaches, there was also a poor kappa correlation in detecting different landmarks; however, there was not a statistically significant difference in detecting landmarks by linear and curved transducers. When considering the overall performance of both approaches, the paramedian approach was superior to the midline approach in landmark detection. Finally, when comparing overweight with obese participants, there was not a significant difference in detecting landmarks except for ligamentum flavum and subarachnoid space (p ¼ 0.04 and p ¼ 0.03 respectively). These two landmarks were detected accurately more frequently in overweight participants compared to obese participants.
Discussion
This study was done on 60 patients with a mean BMI of 29.18 to compare the use of linear and curved transducers in detecting six spinal landmarks using ultrasound. In the hospital setting, both linear and curved transducers are available and physicians are able to use each transducer to get a better view. This study showed substantial inter-rater reliability between the panel of radiologists (kappa ¼ 0.68). Then, there was poor correlation between the transducers in midline, left and right paramedian approaches and with better detection when using the curved transducer in a paramedian approach. This might be due to the characteristics of the curved transducer, which includes lower frequency and higher depth of penetration and better anatomical skin contact. The small sonographic window between spinous processes could also result in this difference. 6 Nowadays, with an increased number of obese patients presenting to ED, the results of this study could be used to facilitate performing LP using ultrasound in this population, since age and gender have minimal impact on the anatomy of spine.
Studies have been done using ultrasound in detecting spinal landmarks and lumbar puncture sites. In a study done by Ferre et al., 6 76 patients, with a BMI of 31.4 AE 9.8, were included and five different landmarks (spinous processes or laminae, ligamentum flavum, dura mater, epidural space and subarachnoid space) were detected by linear and curved array transducers in the midline and paramedian approaches. When comparing both approaches, in the paramedian approach, both linear and curved transducers detected bone and soft tissue landmarks; however, the midline approach, due to a smaller window and the presence of spinous process, was less successful. It also showed that an increase in BMI makes palpating landmarks more difficult, but landmark detection by ultrasound is superior to palpation. 6 Our study was able to detect landmarks less frequently compared to this study. This could be due to the limited experience of our residents compared to the ED physicians in that study. In a study published in 2006, ultrasound was able to detect L4-L5 spinous processes and spinal canal in 76% of patients who were obese and had difficult to palpate landmarks. 8 Another study showed that the most important landmarks in order to perform lumbar puncture are spinous process and ligamentum flavum. 9 Our study was able to detect spinous process in 100% patients using a curved transducer in midline and paramedian approaches and ligamentum flavum in 96.7% of patients using a curved transducer in the right paramedian approach. Ultrasound has also been used in difficult epidural punctures. Grau and colleagues have shown that a paramedian approach is superior for viewing spinal anatomy. 10 When considering the results of our study, the paramedian approach was also superior to the midline approach.
To our knowledge, this study was the first to detect posterior longitudinal ligament. This ligament was correctly detected in 78.3% of patients using a curved transducer compared to 25% with a linear transducer. The location of the posterior longitudinal ligament could provide a better understanding of the depth of the structures and help in performing LP.
Limitations
This study was done in the emergency department of a referral hospital and aimed to assess the optimal technique for new operators to detect anatomical landmarks prior to LP. Further studies could be done to assess the optimal technique and learning curve of participants in multicenter studies with an increased number of study participants. It is also recommended to conduct the study on obese patients who require LP to see if ultrasound could really increase LP success rate. Since ultrasound is an operator-dependent diagnostic tool, in order to limit individual variations, only three PGY3 residents were part of this study. Other studies covering an increased number of residents and comparing the results obtained by each individual could be conducted. Since ultrasound techniques require experience, it is suggested to evaluate the learning curve of each resident to see if their performance improved with practice. Finally, lumbar MRI is the gold standard for detecting lumbar landmarks. It is recommended to compare the results of ultrasound to MRI in future studies.
Conclusion
This study showed that ultrasound can be used in detecting lumbar landmarks in overweight and obese patients. The paramedian approach is superior to the midline approach and the curved transducer could detect more landmarks compared to the linear transducer.
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